INTRODUCTION
T he serum creatinine level is one of the widely used indices for estimating renal function and is used in some equations to calculate the estimated glomerular filtration rate (eGFR). 1, 2 Two methods, namely the Jaffe method and the enzymatic method, are widely used for measuring creatinine levels. Creatinine measurement with the enzymatic method is less susceptible to interference by glucose or bilirubin and has a smaller coefficient of variance, resulting in more accurate staging of chronic kidney disease than the Jaffe method. [3] [4] [5] Thus, enzymatic assays are recommended for creatinine measurement in the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines, 2 and almost all laboratories in Japan perform enzymatic assays on a number of platforms. The enzymatic method is sometimes affected by interference due to monoclonal gammopathy or catecholamines. [6] [7] [8] [9] ,S1 The mechanism of interference is assumed to be precipitation of globulin or chemical reactions between globulin and substances included in reagents, but it has not been fully elucidated. Here, we describe a case of pseudohypercreatininemia associated with precipitation of IgM caused by low ionic strength of the reagent of the creatinine assay.
CASE PRESENTATION
A 78-year-old man was referred to the department of thoracic surgery in our hospital for evaluation of lung tumor. He was being treated with nifedipine for hypertension. At the initial visit to our hospital, his blood creatinine level was 4.68 mg/dl, with an eGFR of 10.3 ml/min per 1.73 m 2 , which was much higher than his previous report (1.03 mg/dl; eGFR 53.8 ml/min per 1.73 m 2 ), obtained in another clinic just 4 days before the visit. He was generally well and did not complain of anorexia, fever, or oliguria. Urinalysis and abdominal ultrasonography were unremarkable. Biochemical test, serum protein electrophoresis, and immunofixation electrophoresis showed a serum IgM of 1366 mg/dl and monoclonal proliferation of IgM-kappa (Table 1 ). Results of immunoblotting prompted us to perform bone marrow aspiration immunophenotyping and biopsy, yielding a diagnosis of lymphoplasmacytic lymphoma with macroglobulinemia. Kidney biopsy showed mild mesangial proliferation but failed to reveal the cause of acute elevation of blood creatinine level. Despite the high creatinine levels measured in our hospital, those measured in outside laboratories soon after the biopsy were nearly normal. To elucidate the cause of the discrepancy in the creatinine concentrations, the measurement methods were analyzed.
Only a kit used in our hospital (Sekisui Medical Co., Ltd., Tokyo, Japan) showed abnormally high creatinine values, whereas creatinine levels obtained using kits from other manufacturers (Shino-Test Corporation, Tokyo, Japan; Kyowa Medex Co., Ltd., Tokyo, Japan; Kainos, Tokyo, Japan; and Showa Medical Science, Tokyo, Japan) ranged from 1.1 to 1.5 mg/dl ( Table 2) . Measurement with the Jaffe method (Cayman Chemical, Ann Arbor, MI) showed a creatinine level of 1.77 mg/dl. Blood levels of urea nitrogen and b2microglobulin that are generally elevated in patients with renal failure were lower than those of creatinine. Moreover, cystatin C-based eGFR was 33.3 ml/min per 1.73 m 2 . Taken together, the eGFR in this case was 30 ml/min per 1.73 m 2 or higher.
In the enzymatic method, the first reagent, including catalase, eliminates interference by endogenous creatine. With the second reagent, creatinine is sequentially catalyzed by creatininase, creatinase, and sarcosine oxidase, resulting in the production of hydrogen peroxide. Creatinine levels are calculated from the amount of quinone pigments generated by the reaction between hydrogen peroxide and chromogens. With the kit used in our hospital, the patient's serum became turbid when the second reagent was added ( Figure 1 ). In the reaction curve, that is, a plot of serial absorbance in the process of the chemical reaction, a rapid increase was observed immediately after mixing the patient's serum and the second reagent ( Figure 2 ). Turbidity due to addition of the second reagent and the distorted reaction curve were not seen when using a control serum of another patient with creatinine levels of 5.5 mg/dl and without paraprotein; this suggested that the white precipitate caused positive interference with the kit used in our hospital.
Next, the Sia euglobulin precipitation test, which involves mixing distilled water and the patient's serum, was performed on the basis that Igs do not dissolve in water but do dissolve in salt solution. A white precipitate emerged soon after mixing, and this precipitate vanished after the addition of 5 mol/l sodium chloride solution (Figure 1 ), indicating that the low ionic strength of the second reagent was the trigger for paraprotein aggregation. As expected, the concentrations of sodium and chloride in the second reagent of the kits used in our laboratory were 33 mmol/l and 9 mmol/l, respectively, lower than those of the kits from other manufacturers.
Lastly, the substance of the white precipitate was examined. Turbidity resulting from the mixture of serum and distilled water did not emerge after total protein removal with acetonitrile, perchloric acid, or centrifugal ultrafiltration (Nanosep, Nihon Pall Ltd., Tokyo, Japan) from the patient's serum. Creatinine values measured with the kit used in our hospital after protein removal were comparable to those determined by other kits, thus again indicating that the components of the white precipitate were proteins. In addition, the reaction curve was examined after elimination of non-IgM proteins with protein G-coupling agarose, which binds IgG, and Jacalin-coupling agarose, which binds non-IgG and non-IgM globulin (Thermo Fisher Scientific K.K., Tokyo, Japan). This pretreatment attenuated the rapid increase in the curves but did not normalize the distortion (Figure 3 ), which confirmed that the aggregated protein was IgM.
DISCUSSION
Some researchers reported that high pH, low pH, and low ionic strength of the reagents were associated with coagulation of IgM and the resultant interference with the enzymatic assay ( Figure 4 ). S2 In the present study, it was demonstrated that low ionic strength of the second reagent in the creatinine kit was linked to aggregation of paraproteins in the patient's serum, and that the white precipitate included IgM when using agarose-embedded proteins that can specifically bind non-IgM proteins. The Sia euglobulin precipitation test (Sia test) is a classical method for detecting clonal gammopathy by mixing the patient's sera and water, because euglobulin and macroglobulin are insoluble in water. S3 In addition to the positivity of the Sia test, the fact that 5% sodium chloride solution eradicated the white precipitate suggests that the ionic strength of the reagents plays an important role in the aggregation of globulins, and that the importance of components other than salt in the reagents is limited. This assumption is supported by the present findings that the ionic strength of the reagents in the kit used in our laboratory was lower than that of the kits from the other manufacturers, which indicated the "true" creatinine . Although it can be assumed that the solubility of IgM in water varies depending on the differences in the structures of IgM, the detailed cause remains unknown. Given that the reagents of the Jaffe method include a solution with high pH, the pH of the reagents does not seem to have been related to the white precipitate in the present case. Several issues need to be considered in clinical practice (Table 3) . First, clinicians should take pseudohypercreatininemia into account when an unrealistic increase in creatinine levels alone is observed. This report highlights the limitation of the enzymatic method, even though this method is less affected by interference by non-creatinine substances than the Jaffe method. Notably, the kit on a specific platform including reagents with low ionic strength may lead to falsely elevated or decreased creatinine levels. In a case in which pseudohypercreatininemia is suspected, it is necessary to consult laboratory staff about errors in the reaction process, such as changes in the appearance of sera and distorted reaction curves.
Second, the determination of correct serum creatinine concentrations is needed. There are some options for measuring accurate serum creatinine levels of patients with paraproteinemia. The present results showed that deproteinization with acetonitrile, perchloric acid, or centrifugal ultrafiltration successfully eliminated the interference caused by paraproteinemia and normalized the distorted reaction curves. From the clinical perspective, creatinine measurement following protein removal from sera seems to be one of the best ways to obtain serum creatinine concentrations, because the protein extraction process enables the use of the same kit, even if it leads to the diagnosis of pseudohypercreatininemia secondary to IgM paraproteinemia. The kits from other manufacturers may lead to correct creatinine level measurements unless a white precipitate forms. It should be kept in mind that measured values include small but non-negligible differences from kit to kit. The Jaffe method measures creatinine levels through a chemical reaction different from the enzymatic method, but this method is susceptible to interference by non-creatinine chromogens such as glucose, ascorbic acid, pyruvate, and cephalosporin antibiotics (Figure 4 ). Paraprotein precipitation owing to the high pH of the reagents may disrupt the normal process of creatinine measurement with the Jaffe method. Creatinine quantification with liquid chromatography-isotope dilution mass spectrometry, a reference procedure for the calibration of creatinine levels measured by the other methods, can provide correct serum creatinine levels regardless of co-existing paraproteins (Figure 4 ). 6,S4 However, this method requires time-and costconsuming sample preparation and special equipment, thereby limiting the facilities that can perform the measurement.
Last, the true renal function of patients with paraproteinemia should be determined using tests that do not involve serum creatinine levels. Blood urea nitrogen testing kits are widely available, but it is affected by gastrointestinal bleeding or volume depletion. Interference by paraprotein with the kit for blood urea nitrogen has also been reported. S5 Serum b2microglobulin concentrations are often elevated in patients with multiple myeloma or lymphoplasmacytic lymphoma with IgM-type monoclonal gammopathy reflecting the tumor burden, and they are associated with the prognosis even without renal impairment, S6,S7 thus limiting the usefulness of this marker. There are no reports, to date, that paraproteins interfere with the cystatin C assay. Some researchers suggest that tumor burden in patients with multiple myeloma is not associated with serum cystatin C levels, S8 but this report cannot rule out the possibility of interference by paraproteins with this assay. Renal scans using the radioisotope technetium Tc-99m mertiatide or Tc-99m succimer provide better renal excretory function, but they have the disadvantages of high cost and limited availability. Combinations of the tests described above are helpful for measuring the renal function of patients with pseudohypercreatininemia accurately.
CONCLUSION
A case presenting with pseudohypercreatininemia caused by precipitation of IgM paraprotein resulting from mixture of the sera and the reagent solution with low ionic strength was reported. Measurement of serum globulin levels, especially IgM and IgG, and 2. Low ionic strength of the reagents in the enzymatic assays may lead to precipitation of paraproteins and resultant false elevations of serum creatinine levels.
3. Determination of white precipitate and of distorted reaction curve is necessary to demonstrate spurious elevations of creatinine levels.
4. Combination of measurement of serum creatinine levels after deproteinizing pretreatment and tests that do not involve serum creatinine levels, such as cystatin C or scintigraphy, can provide true estimated glomerular filtration rate in patients with paraproteinemia.
examination of the reaction process are required when an elevation of creatinine levels alone is observed. To rule out pseudohypercreatininemia, comprehensive assessment with measurement of serum creatinine level after deproteinization and other methods providing GFR without creatinine is required. 
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